Activation of Rac1 by phosphatidylinositol 3-kinase in vivo: role in activation of mitogen-activated protein kinase (MAPK) pathways and retinoic acid-induced neuronal differentiation of SH-SY5Y cells.
Rho GTPases such as RhoA, Rac1 and Cdc42 are crucial players in the regulation of signal transduction pathways required for neuronal differentiation. Using an in vitro cell culture model of neuroblastoma SH-SY5Y cells, we demonstrated previously that RhoA is an in vivo substrate of tissue transglutaminase (TGase) and retinoic acid (RA) promoted activation of RhoA by transamidation. Although activation of RhoA promoted cytoskeletal rearrangement in SH-SY5Y cells, it was not involved in induction of neurite outgrowth. Here, we demonstrate that RA promotes activation of Rac1 in SH-SY5Y cells in a transamidation-independent manner. RA-induced activation of Rac1 is mediated by phosphatidylinositol 3-kinase (PI3K), probably because of phosphorylation of the p85 regulatory subunit by Src kinases. Over-expression of constitutively active PI3K or Rac1-V12 induces neurite outgrowth, activation of mitogen activated protein kinases (MAPKs), and expression of neuronal markers. The PI3K inhibitor LY294002, or over-expression of dominant negative Rac1-N17, blocks RA-induced neurite outgrowth, activation of MAPKs, and expression of neuronal markers, suggesting that activation of PI3K/Rac1 signaling represents a potential mechanism for regulation of neuronal differentiation in SH-SY5Y cells.